ABSTRACT: To study the diet of 2 coastal spawning groups of Illex argentinus, we analyzed the stomach contents of 3645 specimens (10 to 36 cm in mantle length). More than half (58%) of observed stomachs were empty. There were no differences in the prey consumed between specimens of different sex and maturity stages. Additionally, no differences were observed in the diet among individuals belonging to either the summer or spring spawning groups. The most frequent prey item was fishes (0.79 frequency of occurrence), followed by cephalopods (0.18) and lastly by crustaceans (0.09). The seasonal variation of empty stomach frequency and the mean stomach fullness revealed that squids fed more actively in spring and summer and mainly preyed upon small pelagic fishes.
INTRODUCTION
Squids generally play a key role in marine ecosystems, as predators, due to their high rates of consumption (Rodhouse & Nigmatullin 1996) , and as prey, since most top predators consume them (Smale 1996 , Clarke 1986 , Croxall & Prince 1996 , Klages 1996 . Argentine shortfin squid Illex argentinus (Castellanos, 1960) is not an exception to this rule and is an important link in the trophic web of the Argentinean shelf community (Angelescu & Prenski 1987 , Ivanovic 2000 , Santos & Haimovici 2001 , KoenAlonso & Yodzis 2005 . However, the diet of this species changes among regions along its geographical distribution range (Ivanovic & Brunetti 1994 , Santos & Haimovici 1997 , Ivanovic 2000 , Bazzino & Quiñones 2001 , Mouat et. al 2001 , Laptikhovsky 2002 ; thus the role that I. argentinus plays in the trophic web may change among regions as well. At present, all research of I. argentinus diet has been conducted with specimens caught on the outer shelf and slope south of 26°S (Ivanovic & Brunetti 1994 , Santos & Haimovici 1997 , Bazzino & Quiñones 2001 , Mouat et. al 2001 , Laptikhovsky 2002 , and coastal regions were neglected. Thus, San Matias Gulf provides an opportunity to study the diet of Argentine shortfin squid in coastal regions since 2 major spawning groups -spring spawning group (SpSG) and summer spawning group (SSG) -coexist in these waters (Crespi-Abril et al. 2008) . In the present study, we describe the diet of I. argentinus in the San Matias Gulf through direct observation of stomach contents as a first attempt to understand the trophic role of the species in near-shore habitats.
MATERIALS AND METHODS
Samples were obtained with 21 surveys while onboard trawling from vessels which were operating in the San Matias Gulf (42°S, 64.5°W) between June 2005 and October 2007. Tows were conducted during the day with a bottom trawl net (120 mm mesh size) at approx. 4 knots within the deep range, 90 to 150 m. A total of 3645 individuals of both spawning groups (1516 SSG and 2129 SpSG) were collected and were preserved chilled for posterior dissection in the laboratory. During dissection, the stomach of each individual was extracted and supplementary biological information of each specimen was recorded: dorsal mantle length to the nearest cm, sex, and macroscopic maturity condition (Nigmatullin 1989) . To analyze the data, maturity stage (I to VII) was grouped into 3 categories as defined by Laptikhovsky & Nigmatullin (1993) : immature individuals (stages I and II), physiologically mature individuals (stages III and IV), and functionally mature individuals (stages V, VI and VII).
Stomachs were analyzed under 60× magnification, and the hard structures found in the contents were stored and used for prey identification to species level. To determine what the species consumed, identification keys (Clarke 1986 , Boschi et al. 1992 , Gosztonyi & Kuba 1996 , Volpedo & Echeverría 2000 and reference material were used. In the cases of stomachs without hard structures, tissue remains (i.e. muscle, gladius, crystalline, exoskeletons) were used to assign prey into main categories such as fishes, cephalopods or crustaceans. Additionally, for each specimen the stomach fullness (SF) was recorded following the scale proposed by Amaratunga & Durward (1978) : 0 = empty, 1 = half full, 2 = full, 3 = distended.
A generalized linear model (GLM) was fitted to data (McCullagh & Nelder 1998) to compare the frequency of prey consumed using the maturity condition of individuals, spawning group and sex as covariates. In this model, the dependent variable was the frequency of stomachs corresponding to each category of the covariates and was assumed to follow a Poisson distribution. The function used to link the linear predictor with the mean value of the Poisson probability distribution was a logarithm. The linear predictor of the model is the following: η = αG + βMS + χS + δP where, η = linear predictor, logarithm of the expected value (number of stomach in each category of the covariates) of a Poisson distribution, G = categorical factor 'spawning group', MS = categorical factor 'maturity condition', S = categorical factor 'sex', P = categorical factor 'prey item', α, β, χ, δ = coefficients of the linear model. The significance of each covariate in the model was tested using a likelihood ratio (Wald test, McCullagh & Nelder 1998) . For each prey item, the frequency of occurrence (FO) was calculated as: FO = N i /N, where N i = number of stomachs with prey item 'i', N = number of stomachs analyzed.
RESULTS
Sizes of the individuals analyzed ranged from 10 to 36 cm (Fig. 1) . The number of individuals without prey in the stomach was similar between spawning groups and sexes (Table 1 ; chi-square test, p > 0.05). The variation of the FO of empty stomachs presented a marked seasonality with the highest values in autumn and winter (Fig. 2) .
Differences in the mean SF were not significant when comparing between sexes (Student's t-test, p > 0.05) or both spawning groups (Student's t-test, p > 0.05). This value presented a seasonal variation (ANOVA, p < 0.05) with the highest values in summer and spring (Fig. 2) . Stomachs with food were more than 50% of the total analyzed, but only 20% of them presented hard structures that allowed prey identification to species level. Four species were identified in this study (Table 1) : 2 fishes (Engraulis Fig. 1 (Fig. 3) .
The results of the GLM showed that individuals of different sexes (Wald test, df = 1, p > 0,.05), maturity condition (Wald test, df = 2, p > 0.05) or spawning group (Wald test, df = 1, p > 0.05) consumed a similar number of each prey item (Fig. 4) . Thus, the seasonality of the diet was analyzed considering all data together. Additionally, the model revealed that each prey item was consumed in different proportions (Wald test, df = 2, p < 0.05), with fishes the most frequent (FO = 0.79), followed by cephalopods (0.18), and, lastly, by crustaceans (0.09). Although Fig. 2 . Illex argentinus. Seasonal variation of (A) the frequency of occurrence (no. of empty stomachs/total no. of stomachs) of empty stomachs and (B) the stomach fullness (means ± SE) (0 = empty, 1 = half full, 3 = distended) of individuals Fig. 3 . Illex argentinus. Frequency of occurrence of prey consumed by males and females for each spawning group and size class (see Table 1 for definitions). Grey columns: fishes; white columns: cephalopods Fig. 4 . Illex argentinus. Frequency of occurrence of prey consumed by males and females for each spawning group and maturity stage (see Table 1 for definitions). White columns: immature individuals; grey columns: physiologically mature individuals; black columns: functionally mature individuals. Ceph: cephalopods; Cr: crustaceans, F: fishes fishes were more important year round, the FO of each prey item in the diet of Illex argentinus varied among seasons (Fig. 5 ). Fishes were more represented in the stomachs in summer and spring (chisquare, df = 3, p < 0.05) than in autumn and winter ( Fig. 5 ) when cephalopod consumption was higher (chi-square, df = 3, p < 0.05; Fig. 5 ). Crustaceans were found in the diet sporadically and mainly in autumn (Fig. 5 ).
DISCUSSION
Nigmatullin (2005) mentioned that squids obtained from netting gear could have non-natural food items (gear food) in their stomachs as a consequence of an artificially increased encounter rate with the catch community species. This kind of food can be easily recognized in the stomach contents since it is fresh or slightly digested. Thus, recently consumed species must be considered separately from the diet analysis to avoid overestimating the prey spectrum (Nigamtullin 2005) . In the present study, no evidence of gear food was observed in the stomachs analyzed since all the prey items were in an advanced degree of digestion (tissues were mainly minced without skin covering).
The selective ingestion of soft parts by squids makes the identification of the prey consumed difficult (Bradbury and Aldrich, 1969, Rodhouse & Nigmatullin 1996) , but it is possible to recognize higherlevel taxons (i.e. fishes, mollusks, and crustaceans) by observing the structural differences in soft tissue. In the present study, 5 species could be identified in the stomach contents of Illex argentinus. The prey spectrum consumed by squids in San Matias Gulf is low when compared with previous studies conducted with individuals from the outer shelf and slope (Ivanovic & Brunetti 1994 , Santos & Haimovici 1997 , Mouat et al. 2001 .
Illex argentinus is an opportunistic predator, and its diet varies along the continental shelf and slope, depending on the availability of potential prey (Ivanovic & Brunetti 1994) . In the San Matias Gulf, individuals of both spawning groups, regardless of size class, fed on the same prey with a predominance of fishes. These results are consistent with those reported for squids inhabiting the northern region of the species distribution (Ivanovic & Brunetti 1994 , Santos & Haimovici 1997 , Bazzino & Quiñones 2001 and contrary to those reported for squids of the southern region, where the most consumed prey are pelagic crustaceans (e.g. Themisto gaudichaudii) (Ivanovic & Brunetti 1994 , Mouat et al. 2001 , Ivanovic 2000 , Laptikhovsky 2002 .
Cannibalism in species of the genus Illex is interpreted as an advantageous mechanism for maintaining energy within the population in situations of food scarcity (Mauer & Bowman 1985 , O'Dor 1998 , Ibáñez & Keyl 2010 . In San Matias Gulf, cannibalism was observed in 33% of stomachs containing cephalopods, which represent 6% of the total of the stomachs with food. This value is low in comparison to those reported by Ivanovic & Brunetti (1994) and by Santos & Haimovici (1997) for individuals captured in the North Patagonic shelf and southern Brazil (10 and 15% of stomachs with prey contained I. argentinus, respectively), and it could reflect a higher food availability inside the Gulf than in shelf waters.
The seasonal variation of both the frequency of empty stomachs ( Fig. 2A) and the mean value of stomach fullness (Fig. 2B) revealed that squids fed more intensively in spring and summer. During these seasons, fishes increased in the diet significantly (Fig. 5) . In coastal waters, Engraulis anchoita is the most abundant pelagic fish and concentrates inside the San Matias Gulf and waters of the adjacent inner shelf (reaching more than 0.7 million tons of spawning biomass), in order to reproduce during spring and summer (Sánchez & Ciechomski 1995 , Pájaro 1998 , Pájaro et al. 2008 ). This reproductive aggregation represents an important peak of available prey that squid may be actively consuming. In autumn and winter, when individuals of E. anchoita migrate from coastal regions to the mid shelf, fishes decrease in frequency in the diet of Illex Argentinus, which feeds upon alternative preys (i.e. cephalopods and crustaceans). The diet of I. argentinus inside the San Matias Gulf is independent of the spawning season of the individuals. The change in the frequency of occurrence of prey food items found in I. argentinus Table 1 ) of prey consumed by individuals (sexes and seasonal groups combined). Black columns: fishes; gray columns: cephalopods; white columns: crustaceans stomachs can be explained by the opportunistic feeding behavior of this species, reflecting the availability of prey in coastal waters (Ivanovic & Brunetti 1994) .
